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The advent of refractive surgery allowed for great advances in the understanding of
pathophysiology, diagnosis and treatment of corneal ectatic diseases. The different
associations that highlight the importance of this range from the need for early diagnosis in
the screening process of candidates for laser vision correction to the impact of refractive
surgery technologies on treatment. Keratoconus is still an indication for corneal transplant,
and it is expected that about 5–20% of the patients may require it. However, considering
technological advances, the current treatment options are diverse and can be customized to
each case. This review overviews the fundamental knowledge related to corneal ectatic
diseases management and its management prior to keratoplasty. Whereas this is an area of
dynamic development of scientific knowledge, we present fundamental concepts, along with
information on the most recent studies and future prospects.
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Keratoconus and ectatic corneal diseases have
been widely studied for over 150 years [1,2].
However, the advent of refractive surgery has
enabled the greatest advances in the under-
standing of pathophysiology, diagnosis and
treatment of such diseases. Understanding
ectatic diseases of the cornea is essential for
the refractive surgeon. The different associa-
tions that highlight this importance varies
from the need of early diagnosis in the screen-
ing process of selecting candidates for laser
vision correction (LVC) to the impact of new
technologies related to refractive surgery in the
treatment of these diseases [3,4].

Corneal photoablative procedures may in-
duce or accelerate the progression of ectasia [5,6].
Moreover, customized surface ablation may be
successfully performed in case of keratoconus,
with both refractive and therapeutic pur-
poses [7]. However, the indication for elective
refractive procedure should be well thought
out and conscious.

Knowledge about the structural, geometric
and optical properties of the cornea is crucial.
Advances in corneal evaluation tools are essen-
tial to identify candidates for LVC with higher
risk (or susceptibility) to ectatic progression.
Such information is equally important to indi-
cate and schedule the surgery. Thus, additional
workup should be done using technology with

the ability to generate such data, which must
be properly interpreted by the surgeon [4,8–11].

Corneal ectatic diseases
Corneal ectasia is a condition characterized by
biomechanical failure [12]. The cornea is under
constant stress as a result of the intraocular
pressure, as well as stress generated by the eye-
lids, the extraocular muscles or other external
trauma sources. Eye rubbing has a great impact
in corneal ‘biomechanical stress’ [13]. There is a
‘structural susceptibility’ that is related to indi-
vidual genetics and is the determinant of the
biomechanical properties of the cornea.

Biomechanical failure leads to thinning and
tissue protrusion without an acute inflamma-
tory process. Recent studies indicate that
chronic inflammatory activity may be involved
in the pathophysiology of these diseases. The
changes are progressive and cause astigmatism
and irregularities (high-order aberrations), which
may or may not be associated with myopia [12].

Keratoconus is the most common ectatic
disorder, and its incidence is classically de-
scribed as one patient per 2000 inhabi-
tants [1,2,14]. However, some studies indicate a
higher incidence of the disease. For example,
such a condition is identified in about 1–5%
of candidates for refractive surgery, which is
certainly related to a process of self-selection,
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as each patient with keratoconus is more likely to seek help
because of their visual impairments [3,10]. It is a progressive
and bilateral disease, but can be quite asymmetric. It may be
associated with systemic diseases such as Down syndrome,
retinitis pigmentosa, Leber congenital amaurosis, mitral valve
prolapse and other connective tissue diseases, such as Ehlers–
Danlos and Marfan syndrome. However, one of the most
important associations is related to ocular allergic diseases,
such as atopic dermatitis and vernal keratoconjunctivitis
[1,2,14].

Besides keratoconus, other disorders that are classified within
this group of natural ectatic diseases are pellucid marginal
degeneration (PMD) and keratoglobus. Such conditions are
rarer than keratoconus and are identified based on the pattern
of thinning [1,2]. PMD has a thinning ‘band’ in the inferior
cornea near the limbus, which induces flattening of the vertical
meridian and astigmatism against-the-rule [1,15]. The topo-
graphical feature (anterior curvature) in some cases with infe-
rior keratoconus may be similar to the PMD, but
differentiation is possible by means of a pachymetry map [1,2].
The term ‘pellucid’ means transparent, being an avascular

condition and free of acute inflammation and lipid deposits,
which differentiates PMD from other diseases, such as Terri-
en’s marginal degeneration and Mooren’s ulcer, which are not
considered as ectatic diseases [1,2]. Keratoglobus is a condition
even more rare that PMD, defined by overall thinning of the
cornea and severe protrusion, with a significant increase of the
anterior chamber depth [1]. Therefore, the differentiation
between keratoconus, PMD and keratoglobus is possible only
through the pattern of thinning [2,16]. Proper classification has
clinical relevance, since clinical aspects and therapeutic manage-
ment are distinct. Ectasia progression with thinning and tissue
protrusion may also occur after trauma or surgical procedures.
Such situations can lead to biomechanical failure of corneal
stroma and consequent ectasia. It is vital to recognize that ecta-
sia can occur after refractive corneal surgery performed through
different techniques such as radial keratotomy, laser-assisted in
situ keratomileusis (LASIK) and photorefractive keratectomy
(PRK) [5,6,17–19]. The appropriate selection of candidates for
refractive surgery is the key to prevent this severe complication,
with the essential understanding and interpretation of ancillary
tests [4,8,10].

OD OS

Figure 1. Anterior curvature sagittal map of a patient with mild keratoconus OD and forme fruste keratoconus OS.
OD: Right eye; OS: Left eye.
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Clinical evaluation of ectatic corneal diseases
Early diagnosis of keratoconus is fundamental as it may
enable the early application of therapeutic strategies that
minimize the effect of the disease on the patient and society.
Keratoconus is generally diagnosed or suspected during gen-
eral ophthalmological examination, but ancillary exams play a
major role in the diagnosis, staging and follow-up of the con-
dition [1]. For example, Marc Amsler published for the first
time the ‘forme fruste keratoconus’ concept, based on photo-
keratoscopy imaging, in a prospective study [20]. The detec-
tion of early forms of ectatic disease is also essential in the
screening process of candidates for LVC, in order to prevent
progressive iatrogenic ectasia [3,8,10].

In the mid-1980s, Stephen D. Klyce, PhD, first developed
algorithms for surface reconstruction of the acquired reflection
image from Placido-based videokeratoscopy, allowing color-
coded maps and quantitative data of the front surface of the
cornea [21]. Corneal topography represented a true revolution
in the diagnosis and management of corneal disease [22]. It
requires caution about the scan quality, because artifacts may
affect the clinical presentation [4]. Regarding ectasia, the topo-
graphic pattern of inferior steepening is the most recognized
one [3,23]. However, there is a great variation in the subjective
classification of topographic maps, being required to define
objective criteria [9]. In general, higher corneal values to
47.5 D are suspected. Additionally, the asymmetry between
the values in the 3 mm radius in the upper and lower regions
(or between the nasal and temporal regions) is suspected when
greater than 1.4 D [24,25]. Such parameters are integrated in
the calculation of the keratoconus percentage index, described
by Rabinowitz and Rasheed [26]. In addition, several indices
derived from curvature data are available in different
commercial devices.

Other technologies were a further improvement in corneal
imaging, such as corneal tomography (CTm) [27]. This tech-
nology provides a 3D image of the cornea and may be possi-
ble through different methods, such as rotational scanning
Scheimpflug, optical coherence tomography and a very-high-
frequency ultrasound [27]. The tomographic approach
characterizes the anterior and posterior surfaces of the cornea,
allowing elevation and thickness maps. The evaluation of the
pachymetric distribution allows an understanding of the
structural stability of the cornea [28]. Since there is an increase
in thickness from the center to the periphery, this gradual
thickening ratio has a normal range. Ectasia causes changes in
this pattern of pachymetric spatial distribution, with a steeper
increase of the thinned area toward the periphery [28,29]. The
study of the epithelium thickness, which was only possible
with very-high-frequency ultrasound previously, is now avail-
able with spectral- or Fourier-domain optical coherence
tomography [30,31]. The epithelium reacts to stromal changes,
so the knowledge of its thickness and pattern are very impor-
tant for the evaluation [30,32]. Studies that consider elevation
and pachymetric distribution data show that CT is more sen-
sitive in identifying mild forms (forme fruste or subclinical)
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of the disease compared to the anterior curvature topogra-
phy [28,29,33]. Illustrative examples are patients with keratoconus
diagnosed in one eye and with normal topography in the contra-
lateral eye (Example 1). Such cases are considered as asymmetric
keratoconus [4,6,10].

Example 1: Male, 20 years old, with asymmetric keratoconus
presented with best-corrected visual acuity (BCVA) in both eyes
(20/20 right eye [OD] and 20/15 left eye [OS]). The relatively
normal topography pattern is identified in the left eye, while
mild keratoconus in observed in the right eye (FIGURE 1). The com-
bination of tomographic elevation and thickness data enhances
the ability to detect ectatic disease, as proposed in the Pentacam
Belin/Ambro�sio Enhanced Ectasia Display [16,34]. The Ambro�sio
relational thickness – maximum [29] was 259 in both
eyes (FIGURE 2). The final final deviation value was 3.50 and 1.77 in
OD and OS respectively, which is consistent with the clinical
diagnosis. This example represents a very mild (forme fruste) ker-
atoconus in the left eye, which has still relatively normal curvature
topography but has moderate changes on tomography [4,6,10,35].

Regarding refractive surgery screening, classic methodology
includes Placido-disk-based corneal topography and central cor-
neal thickness measured by ultrasound [3,4,25]. The ectasia risk
score system, which takes into account the topographic classifica-
tion, proved to be an improvement for the refractive surgery
screening process [36,37]. Some studies have shown the drawbacks
of this scoring system, revealing high rates of false positives and
negatives [6,10,38–40]. There are well-defined risks for ectasia after
LVC, and these may be related to the presence of ectasia (typically
mild) preoperatively, or a procedure that determined important

changes in corneal biomechanics [10]. Con-
sidering these concepts, any cornea may
evolve into ectasia if surgery or trauma
weakens its biomechanical structure. This
can occur in LASIK due to a thick flap or
excess tissue ablation, or even after a blunt
trauma. The likelihood of developing ecta-
sia combines the structural susceptibility of

the cornea with the impact of surgery [4,10]. Therefore, the process
of screening the risk for developing ectasia must go beyond the
detection of mild forms of keratoconus or related diseases [4,8,34]. It
is necessary to evaluate the biomechanical properties of each cor-
nea to access the susceptibility of failure and ectasia progression,
which would be a feature inherent in any cornea. Retrospective
studies of preoperative examinations of patients who developed
ectasia also confirm that the tomographic approach is superior to
topography [6,10,40]. Furthermore, CT does not replace the topog-
raphy, which has advantages, including the qualitative assessment
of the tear film [3,41]. The combination of curvature, anterior and
posterior elevation and pachymetry data is the most efficient
approach for the identification of mild forms of ectasia [4,6,8,10].

While accomplishing new studies to combine tomographic
parameters in order to increase the accuracy for diagnosing cor-
neal ectasia and its susceptibility [10,11,42], we need to character-
ize the cornea beyond its geometry [12,43]. The biomechanical
analysis can be performed with dynamic systems of non-contact
tonometry, which monitor the deformation of the cornea by
means of infrared reflection (Ocular Response Analyzer; Reich-
ert Inc., Depew, NY, USA) or by Scheimpflug imaging (Corvis
ST; Oculus Optikgerate GmbH, Wetzlar, Germany) [4,44–48].
Besides these advancements, genetic evaluation by molecular
biology is promising in order to help to identify cases with pre-
disposition to ectatic disorders [49].

Ocular wavefront analysis is important to assess the visual
quality, as well as to plan the visual rehabilitation of corneal ecta-
sia cases [50]. Other tests that may be relevant are confocal and
specular microscopy and ocular biometry [51,52]. Evaluation with

endothelial cell count is important, since
such patients are typically users or candi-
dates for contact lenses. Confocal micros-
copy may be useful, as it has been
demonstrated that the anterior and poste-
rior stromal keratocyte densities were sta-
tistically lower and stromal nerve diameter
was statistically higher in patients with
keratoconus compared with controls [53].
Biometry allows characterizing nearsight-
edness (keratometric vs axial), being rele-
vant when planning surgery. Additionally,
potential acuity meter and retinal map-
ping are relevant for determining the
prognosis of visual improvement after the
correction of optical aberrations and to
study the periphery of the retina in eyes
typically larger in axial length.

Table 1. Surgery indications in cases with ectatic diseases.

Aim Clinical background/history

Visual improvement Patient with poor vision corrected by glasses and/or

contact lenses

Stabilize the evolution of ectasia Documented progression of ectasia or evidence of

high risk for vision loss

Table 2. Surgical alternatives to corneal transplantation for ectasia.

Procedure Aim

Intracorneal ring segment Regularization of corneal surface (‘tissue add’) reduction of

irregular astigmatism

Crosslinking Stabilization or avoid progression of the disease

Advanced surface ablation

or phototherapeutic

keratectomy

Regularization of corneal surface (‘tissue removal’) reduction
of irregular astigmatism

Conductive keratoplasty Regularization of corneal surface (‘tissue remodeling’)
reduction of irregular astigmatism

Phakic intraocular lens Treatment of spherical or sphere–cylindrical refractive errors

(regular astigmatism)

Cataract or refractive lens

extraction

Cataract removal, along with treatment of spherical or

sphere-cylindrical refractive errors (regular astigmatism)
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Elective or therapeutic approach
The differences between therapeutic and
elective approaches must be recognized
and taken into account, since the same
surgical procedure can present both
aims [54]. An elective refractive surgery
procedure is an effective alternative to
other forms of vision correction, such as
glasses or contact lenses, which can pro-
vide a satisfactory solution. However, the
decision to undergo such procedures
should be taken exclusively by the patient,
based on knowledge about the risks, bene-
fits and limitations of such procedures [55].

To differentiate refractive surgery for
therapeutic purposes, we need to focus on
the preoperative background. In this situa-
tion, the correction by means of glasses or
contact lenses is relatively inadequate and
unsatisfactory for the patient. This can
occur at varying levels of limitation of visual acuity (quantity)
and quality. For example, the visual acuity may be less than
20/400 in a case of advanced keratoconus or even 20/20 in a case
of irregular astigmatism that causes severe impairment of
visual quality. In these cases, elevated magnitudes of higher order
aberrations are typically present and keratoplasty may be consid-
ered. Ultimately, the therapeutic refractive procedure is pre-
sented as a less invasive alternative to keratoplasty for visual
rehabilitation [55].

In therapeutic surgery, the main goal is to enable vision cor-
rection by sphere–cylindrical refraction (glasses) or even facili-
tate contact lens fitting. Thus, the measure of success will be
related to the improvement in BCVA, with refractive result
being the secondary goal. In refractive surgery, the goal is
refractive error reduction to provide uncorrected vision and
greater independence from glasses or contact lenses. With this,
the uncorrected visual acuity is the main variable that repre-
sents the effectiveness of the refractive procedure. However,

comparison of the pre- and postoperative corrected visual acu-
ity is always related to the safety of any ophthalmic surgery [55].

With the evolution of the initial therapeutic treatment, a
case may be purposed for a secondary procedure with a refrac-
tive aim [55]. For example, secondary implantation of a phakic
intraocular lens has a refractive goal in a patient with BCVA
improvement after implantation of intracorneal ring segment
(ICRS). The combination of surgical procedures with different
purposes is the basis of the ‘Therapeutic Bioptics’ concept [56].
The informed consent process should be performed with
appropriate explanation to the patient, who must understand
the differences between need and possibility, weighing up the
risks, benefits and limitations of the procedure.

Several therapeutic procedures were originally described with a
refractive purpose. The implantation of intrastromal corneal ring
for keratoconus is the best example. While its initial refractive
indication for myopia and astigmatism was greatly reduced,
mainly because there were other more efficient alternatives, this

Keratoconus

Progressive

Good UCVA Good BCVA Bad VA Bad VA

CXLFollow-up
epi-on CXL

Apical
scar

Clear
cornea

CXL

CXL DALK
PK

Contact lens
ICRS

phakic IOL

Good VA

Non-progressive

Epi-on CXL

Low
refractive

error

Glasses
contact lens

PRK

Contact lens
glasses

phakic IOL
RLE

Contact lens
ICRS

phakic IOL

High
refractive

error

Figure 3. Decision tree for keratoconus surgical management.

A B C

Figure 4. Differential axial curvature map showing flattening and reduction of the corneal irregularity. (A) 8 months after
transepithelial crosslinking; (B) preoperative and (C) differential.
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modality has proven to be beneficial for
patients with ectatic corneal diseases [57,58].

There are procedures that can be per-
formed in a similar way and with thera-
peutic and refractive goals. For example,
a patient with anterior stromal scarring
associated with irregular astigmatism,
induced by dystrophy or scarring after
keratitis, may benefit from therapeutic
surface ablation. In this case, besides the
application of excimer laser in photo-
therapeutic keratectomy mode, the cus-
tomized ablation in PRK mode is used
in a similar way compared to an advanced
surface ablation for elective treatment of
ametropia. However, the goals of ad-
vanced surface ablation in both situations
are very different, as well as the postoper-
ative outcome analysis [55,59].

General management of ectatic
diseases
The diagnosis of keratoconus has a major
impact on the patients and their families,
because it is classically recognized as one
of the most common causes of corneal
transplantation [60]. Thus, the education
of the patients and their families about

Curvatura axial/sagital (anterior) Curvatura axial/sagital (anterior)

OD OS

Índices (zona de 8 mm) Índices (zona de 8 mm)

Figure 5. Preoperative axial curvature map of a patient with asymmetric
keratoconus and anisometropia in OS. Visual acuity was 20/20 (+0.50 = �1.50� 90�)
in OD and 20/30 (+0.25 = �4.00 � 108�) in OS.
OD: Right eye; OS: Left eye.

A B C

D E F

Figure 6. Differential axial curvature (upper row) andanterior elevation (lower row) maps showing flattening and reduction
of the corneal irregularity. (A) and (D) 12 month after Athens Protocol; (B) and (E) preoperative; (C) and (F) differential
(same reference sphere used in the elevation maps).
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the disease is of fundamental consider-
ation. There are a number of details that
patients deserve to know in order to bet-
ter coexist with the disease. For example,
there was a great reduction in the num-
ber of corneal transplants for keratoconus
due to advances in the diagnostic and
therapeutic fields [56].

For visual rehabilitation, glasses repre-
sent the first line of treatment. The
wavefront-assisted manifest refraction pro-
vides a better visual acuity in about 60%
of cases [61]. The use of contact lenses is
an alternative that provides optical correc-
tion. The selection of the contact lens
type depends on the stage of keratoco-
nus [62]. The soft lenses with toric design
may be adequate for early stages, in order
to correct myopia and regular astigma-
tism. In more advanced cases, rigid gas
permeable or hybrid lenses are preferred.
These types of lenses can also correct the
irregular astigmatism, improving visual
quality. However, there is no evidence to
support the fact that use of contact lenses
reduces the chances of ectatic progression.
It has been shown that, similar to the
habit of eye rubbing, poorly fitted con-
tact lenses can be associated with disease
progression.

Keratoconus is a progressive condition and requires moni-
toring. As mentioned previously, eye rubbing is directly re-
lated to its progression [13]. Thereby, allergy control with
anti-histamines, mast cell inhibitors along with ocular sur-
face optimization with a dietary supplement of omega-3
fatty-acids and preservative-free lubricants are crucial along
with patient education to avoid eye rubbing [63,64].

Surgery of keratoconus & ectasia diseases
Until the mid-1990s, corneal transplant was the only available
surgical option for visual rehabilitation for keratoconus cases.
Currently, there are other procedures, which are less invasive
and provide as an alternative to keratoplasty (TABLE 1). There are
basically two indications for surgery in cases of keratoconus
and ectasia diseases (TABLE 2). Surgery is classically indicated when
visual acuity is not satisfactory with glasses or contact lenses [56].
However, the advent of crosslinking determines a new horizon
to prevent disease progression. The indication of crosslinking is
related to the progression of the disease [65]. This procedure is a
minimally invasive surgical technique, which combines ribofla-
vin (vitamin B2) and UV type-A (UV-A) to induce crosslinks
between the collagen fibrils in the corneal stroma. Riboflavin
soaking can be performed after epithelial debridement (Epi-off
technique) [65–67]. Alternatively, this procedure can also be done
in a transepithelial way (Epi-on technique), with a different

type of riboflavin [68]. Clinical studies reported that crosslinking
declines the progression of the disease, with a reduction in
maximal keratometry readings and improvement of the
BCVA [66,67,69]. An age higher than 35 years old, a preoperative
corrected distance visual acuity greater than 20/25 and high pre-
operative keratometry readings were identified as significant risk
factors for complications and failure of this treatment [70].

The advent of femtosecond laser revolutionized anterior seg-
ment surgery [71]. For example, the dissection technique for
implantation of ICRS may be performed manually. However,
when it is femtosecond laser-assisted has a more predictable
and safer (lower complication rates) results [57,72,73]. The aim of
this procedure is to regularize the ectatic cornea, providing
high-order aberration magnitude reduction [74,75]. During the
last years, this surgical procedure underwent some improve-
ments of the material and implantation nomograms [57]. The
Athens Protocol is another surgical option to regularize the cor-
nea and to stop the progression of the disease. With this proce-
dure, we perform a topography-guided PRK (topo-guided
PRK) combined with crosslinking [76,77]. The ablation pattern
is tissue-sparing and is customized to the irregularity of the
front surface of the cornea. Clinical studies have demonstrated
visual acuity and quality improvement derived from the corneal
surface regularization, without progression of the ectatic
process [76,77].

Curvatura axial/sagital (anterior) Curvatura axial/sagital (anterior)

Índices (zona de 8 mm) Índices (zona de 8 mm)

OD OS

Figure 7. Preoperative axial curvature map of a patient with stage III
(Amsler–Krumeich) keratoconus in both eyes.
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FIGURE 3 shows a decision tree that guides the clinical decision
making in keratoconus cases, based on the most important fea-
tures of the clinical presentation: age at onset, visual acuity, sta-
bility and stage (severity) of the disease. Examples 2 to
5 illustrate different medical and surgical approaches for
keratoconus cases.

Example 2: Male, 14 years old, presented with progressive
visual loss due to keratoconus, more advanced in the left eye

(progressed to acute hydrops). Transepithelial crosslinking was
performed in the right eye. One year after the procedure
(FIGURE 4), there was improvement of the uncorrected visual acu-
ity (uncorrected visual acuity [UCVA]; 20/100 to 20/40) and
of the BCVA (20/25 with �0.50 = �0.75 � 60�).

Example 3: Female, 39 years old, presented with vision
loss in the left eye due to asymmetric keratoconus progres-
sion and anisometropia (FIGURE 5). Submitted to Athens Proto-
col in the left eye, consisting of customized therapeutic laser
(phototherapeutic keratectomy–PRK) followed by crosslink-
ing. Clinical improvement was noticed postoperatively:
UCVA of 20/100 to 20/60 and BCVA of 20/30 (+0.25 =
�4.00 � 108�) to 20/25 (�0.25 = �1.00 � 180�). Refrac-
tive error was stable from 6 to 30 months of follow-up. The
corneal irregularity reduction, along with the flattening
effect, can be observed on the differential map. There was
improvement of the Kmax value (point of maximum curva-
ture; 49.7D to 45.0D) and the anterior astigmatism and ele-
vation magnitudes (+28 microns to +2 microns, respectively)
(FIGURE 6).

Example 4: Female, 40 years old, with prior indication for ker-
atoplasty due to advanced keratoconus with contact lens
intolerance (FIGURE 7). An ICRS implantation was performed in
the right eye. At the third month postop, there was improvement
of the UCVA (counting fingers at 1 m to 20/160) and of the
BCVA (20/200 with �6.00 = �4.00 � 40� to 20/25 with
�5.25). Clinical improvement is observed by way of decrease in
corneal irregularity on the differential map (FIGURE 8). Phakic

A B C

D E F

Figure 8. Differential axial curvature (upper row) and anterior elevation (lower row) maps showing flattening and reduction
of the corneal irregularity. (A) and (D) 12 month after intracorneal ring segment implantation; (B) and (E) preoperative; (C) and (F)
differential (same reference sphere used in the elevation maps).

Figure 9. Video image from the immediate postoperative
period after implantation of phakic intraocular lens in
Therapeutic Bioptics approach.
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Cornea densito average Cornea densito average Cornea densito average

Axial/sagittal curvature (front) Axial/sagittal curvature (front) Axial/sagittal curvature (front)

OS OS

OS OS

Figure 10. Postoperative, preoperative (6 weeks after femtosecond-assisted intracorneal ring segment and transepithelial
crosslinking) and subtraction maps of the average optical density and axial curvature maps.

Left eye

Left eye

Figure 11. Postoperative and preoperative Scheimpflug imaging on the vertical section.
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intraocular lens (AcrySof Cachet; Alcon, Fort Worth, Texas)
implantation was performed 4 months after the first procedure
(FIGURE 9). There was improvement of the UCVA (20/160 to 20/
50). The BCVA remained at 20/25 with manifest refraction of
�0.25 = �1.00 � 17� at the 24 month of follow-up.

Example 5: Male, 24 years old, with progressive keratoconus
in the left eye and anisometropia. UCVA was 20/20–1 in the
right eye and 20/200 in the left eye. Wavefront-assisted mani-
fest refraction was �0.75 = �5.25 � 175�, giving 20/30–2 in
the left eye. Femtosecond laser-assisted (FS-200, Alcon, Fort
Worth) ICRS implantation was performed, using Keraring
(Mediphacos, Belo Horizonte, Brazil) SI6 150[o]with 250 m
thickness. ICRS implantation was combined with transepithe-
lial (EpiON) crosslinking. Riboflavin 0.22% solution (VibeX
Xtra; Avedro Inc., Waltham, MS, USA) was used. The patient
was subjected to 8 min of pulsed UV-A light (1 sec on/1 sec
off) at 30 mW/cm2 (energy dose of 7.2 J/cm2) with the Ave-
dro KXL. After 6 weeks, the UCVA was 20/30 and the
BCVA was 20/25+ (plano = �1,00 � 170). FIGURE 10 shows the
postoperative corneal flattening, along with the increase of
the corneal density (optical scattering). FIGURE 11 demonstrates
the ICRS position and demarcation line on the Scheimpflug
image.

Clinical & surgical management of
post-LASIK ectasia
Post-LASIK ectasia occurs due to an
imbalance of the preoperative corneal
strength and the structural impact of the
surgery. Understanding of the clinical sta-
tus prior to surgery is crucial, as well as
the information regarding the procedure
performed. Topography, pachymetry, re-
fractive error and visual acuity are the
most relevant preoperative data. In addi-
tion to the data related to the procedure
(flap thickness, type of cut and maximum
depth of photoablation), it is essential to
evaluate the geometry and thickness of
the flap for a better understanding of the
biomechanical impact induced by the
surgery. Whenever possible, the stability
and progression of the ectasia should be
checked [6,10,17,78,79].

For diagnostic purpose, the review of
the preoperative ancillary tests (corneal
topography and tomography) is rele-
vant. This also allows us to plan the
best treatment approach for each
patient. Understanding the visual poten-
tial of each case is important to exclude
amblyopia. Examination of potential
visual acuity is quite effective in this
regard [79].

As mentioned before, surgery should
be considered in order to avoid progres-

sion of the disease and to provide a fast visual
rehabilitation (TABLE 1) [56,79]. The same surgical approaches for
keratoconus may also be indicated in cases of ectasia after
LVC. However, there is big difference, because these patients
have a greater interest and demand, since they previously per-
formed surgery with the goal of vision correction and indepen-
dence of optical correction.

Overall, cases with very thick flap have a lesser chance of
success with ICRS implantation because there is no tissue
support [57]. Athens Protocol is a more suitable option for
these cases (Example 6). The results of this procedure show
corneal surface regularization combined with marked myopic
regression [80]. After checking the stability of these findings,
phakic intraocular lens indication also appears valid option
(Example 7) [56].

Example 6: Male, 52 years old, with stable LASIK in the
right eye (FIGURE 12) and post-LASIK ectasia in the left eye
(FIGURE 13) due to an abnormal thick flap. Considering the pro-
gressive visual loss in the left eye, the patient was submitted to
Athens Protocol.

Example 7: Male, 25 years old, presented with progressive
and severe visual loss (UCVA of 1 m counting fingers in both
eyes) due to ectasia (FIGURE 14) after bilateral LASIK performed in

A

B

Figure 12. Clinical case with a thick flap without corneal ectasia. (A) Corneal
optical coherence tomography and (B) anterior sagittal map.
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2006. The BCVA was 20/30 (�15.0 =
�2.50 � 15�) in the right eye and 20/
80 (�14.25 = �6.0 � 0�) in the left
eye. The thinnest pachymetry value was
408 microns in the right eye and
395 microns in the left eye. Given the
severity of the clinical picture, the moder-
ately thin cornea and the presence of
contact lens intolerance, it was decided to
perform transepithelial crosslinking in
both eyes as an alternative to kerato-
plasty. After refractive stabilization (with
two similar measures within a 1-month
interval), phakic intraocular lens implan-
tation was performed (AcrySof Cachet) in
both eyes. The UCVA improved to 20/
30 in the right eye and 20/25 in the left
eye at the 24-month follow-up (FIGURE 15).

Expert commentary
In 2012, it was proposed that keratoco-
nus and ectatic corneal diseases represent
a new subspecialty in ophthalmology.
The advances in complementary investi-
gation and therapeutic procedures enable
less invasive alternatives, which markedly
reduces the need for transplantation in
these patients [57,81,82].

Ancillary exams play a major role in
the diagnosis of this disease. Advanced
clinical analysis should be performed in
every patient with confirmed diagnosis
and even those in whom it is suspected. For this purpose,
detailed clinical history and ophthalmological exam should
be obtained, along with corneal topography, tomography
and biomechanics assessment [4,6]. Other exams, such as
wavefront analysis and ocular biometry, are important to
understand the patient’s visual complaints. We found that
wavefront analysis was also relevant in facilitating the refrac-
tion in these patients, showing best-corrected distance visual
acuity improvement in cases with some degree of contact
lens intolerance [61].

Once the diagnosis of keratoconus is accomplished, patient
education is fundamental. In the very early stages of the disease,
spectacle lenses are an option, especially for patients who achieve
20/40 or better. In some patients, spectacles do not correct the
irregular astigmatism and rigid contact lenses may provide better
correction. Contact lenses represent the treatment of choice in
nearly 90% of patients with keratoconus, with the selection of
type of lens dependent on the stage of the disease [61,62].

Discussion of surgical options is the end-point for patients
who cannot achieve good vision with spectacles or have contact
lens intolerance. Therapeutic bioptics is also an interesting con-
cept that allows faster visual rehabilitation, by combining pro-
cedures of therapeutic and refractive purposes [55,56].

Despite the lack of large, multicenter, prospective random-
ized trials, crosslinking has gradually become a first line of
treatment for keratoconus and other ectatic conditions [65,82].
Previous studies demonstrated that this surgical option
increases the rigidity and stiffness of the cornea, halting the
progression of the ectasia disorder. Its effects are noticed on
corneal topography and pachymetry, but we need to wait at
least 4–6 months. The improvement of the corneal regularity
is also associated with the BCVA increase, especially because
of the irregular astigmatism decrease and the topographic
reshaping process. Stability of these outcomes was docu-
mented several years after the procedure [66,67,83]. Regarding
corneal pachymetry, there is a temporary thinning of the
central corneal thickness by 30–50 microns. This can be
explained by the epithelium removal at the beginning of the
procedure and by the dehydration induced by the exposure
to UV light. The effect in the corneal biomechanical behav-
ior can be assessed with the CorVis ST, featuring less defor-
mation response [44,46]. Few complications have been
described. A mild and transient stromal edema with hazy
appearance is common, but usually solves after 4 weeks.
Other reported complications are delayed re-epithelization,
sterile infiltrates, corneal ulceration, scarring and even

A

B

Figure 13. Clinical case with post-LASIK ectasia due to a thick corneal flap.
(A) Corneal optical coherence tomography and (B) anterior sagittal map.
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progression of the ectasia [70]. One of the improvements
in crosslinking treatment protocols is the Epi-on modali-
dade that does not require epithelial removal [68]. This

has the advantage of preventing the
risk of infection and stromal scarring,
and also contributes to enhance the
patient comfort.

ICRS and Athens Protocol are effective
methods to improve visual quality and
contact lens tolerance. The ICRS implan-
tation technique should be assisted with
femtosecond laser. With this technology,
the tunnel’s depth is more precise and is
associated with a lower complication
rate [72]. Since the introduction of cross-
linking, the excimer laser became a useful
tool for the ectasia management. In our
algorithm, we also consider the Athens
Protocol [76]. This option is more suitable
in patients who have sufficient pachyme-
try after the ablation to allow the cross-
linking treatment (i.e., superior to 400
microns). Another important decision
point is the point of maximum curvature
(Kmax) of the cornea. If the Kmax is supe-
rior to 52 D, we may consider other
treatment modalities, such as ICRS.

A sequential procedure, such as phakic
intraocular lens implantation or cataract
extraction, is an option for the treatment of
residual low-order aberrations. This
approach should only be performed after
regularizing the corneal structure and should
be weighted according to each case [56,75].

Five-year view
Compared to topography, CT has proven to be more effective
in enhancing accuracy and specificity for diagnosing corneal ec-
tatic diseases. Additional ancillary tests, such as high-resolution
optical coherence tomography and very-high-frequency ultra-
sound, will provide a more detailed characterization of corneal
architecture, along with corneal biomechanics evalua-
tion [12,32,84]. Fancy diagnostic approaches will also include
new genetic testing tools.

The future management of corneal ectatic disorders will
hold on the ‘Therapeutic Bioptics’ concept, incorporating
multiple treatment modalities, both simultaneous and/or
sequential. In terms of corneal reshaping, newer ICRS
implantation nomograms and techniques will provide better
results, as well as improved topo-guided ablations profiles [56].
With the advent of corneal crosslinking, the spectrum of ker-
atoconus management now includes the prevention and the
treatment of progression of disease. It is anticipated that
newer riboflavin soaking techniques and UV-irradiation pro-
tocols will allow a more customized procedure to each
patient. Considering the risk of progression of keratoconus
and the need for keratoplasty at advanced stages of the dis-
ease, crosslinking will probably be considered in any patient

Curvatura axial/sagital (anterior)

OD OS

Índices (zona de 8 mm) Índices (zona de 8 mm)

Curvatura axial/sagital (anterior)

Figure 14. Preoperative axial curvature map of ectasia after LASIK in both eyes.
BCVA was 20/30 (�15.0 = �2.50 � 15�) in OD and 20/80 (�14.25 = �6.00 � 0�) in OS.
OD: Right eye; OS: Left eye.

Right eye Left eye

A

C D

B

Figure 15. Clinical case with post-LASIK ectasia treated
submitted to transepithelial crosslinking followed by phakic
intraocular lens implantation in both eyes. (A) and (B) Scheimp-
flug image after transepithelial crosslinking of the right and left eyes,
respectively; (C) and (D) Slit-lamp photograph showing phakic intra-
ocular lens implant in the right and left eyes, respectively.
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diagnosed with progressive, forme fruste or clinically signifi-
cant keratoconus.

Other innovations in the keratoplasty field may also emerge.
In 2013, Melles and coworkers presented the isolated Bowman
layer transplantation procedure. They claim that this option
may be safe and effective in eyes with progressive and advanced
keratoconus. The procedure may be performed to postpone
penetrating or deep anterior lamellar keratoplasty [85].
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Key issues

. The advent of refractive surgery enabled the greatest advances in the understanding of pathophysiology, diagnosis and treatment of

ectatic diseases. The different associations that highlight this importance varies from the need of early diagnosis in the screening process

of selecting candidates for laser vision correction to the impact of new technologies related to refractive surgery in the treatment of

these diseases.

. Corneal ectasia is a condition characterized by biomechanical structural failure, which leads to thinning and tissue protrusion without a

clear and an acute inflammatory process.

. Keratoconus is the most common ectatic disorder and is identified in about 1–5% of candidates for refractive surgery. Other disorders

that are classified within this group of natural ectatic diseases are pellucid marginal degeneration and keratoglobus.

. Ectasia progression can also occur after trauma or procedures associated with tissue loss, such as radial keratotomy, LASIK and PRK.

The proper selection of candidates for refractive surgery is the key to prevent this severe complication.

. Compared to topography, corneal tomography provides a 3D image of the cornea, allowing a more accurate diagnosis of very early

forms of ectasia. Other ancillary exams are essential to pathophysiological understanding, patient education and treatment planning.

. Management of ectatic disorders includes control of allergy and ocular surface optimization, since eye rubbing is directly related to

disease progression. For visual rehabilitation, the glasses and contact lenses are the first option available.

. The two indications for surgery in cases of keratoconus and ectasia diseases are unsatisfactory visual acuity with glasses or contact

lenses and disease progression.

. Crosslinking is specially indicated in cases with progressive keratoconus. This procedure stabilizes the ectatic process, along with

topographic and visual improvement.

. Currently, therapeutic procedures are presented as a less invasive alternative to keratoplasty for visual rehabilitation. The main goal is to

provide a state that vision is possible to be corrected with sphere-cylindrical refraction.

. Intracorneal ring segment and Athens Protocol are valuable approaches to reduce the irregularity induced by the ectatic disease, in order to

provide visual improvement. These procedures may also be combined in various ways according to the need and indication in each case.

. In post-LASIK ectasia patients, surgery should also be considered in order to avoid progression of the disease and to provide a fast

visual rehabilitation. It is essential to review the preoperative data, in order to understand the pathophysiological mechanism.
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